Abstract: Using pregnenolone and 7-deoxycholic acid as starting materials, some 17-acetamidoandrostane and N,N-dimethyl-7-deoxycholic amide derivatives were synthesized. The cytotoxicity of the synthesized compounds was tested in vitro against two tumor cell lines: SGC 7901 (human gastric carcinoma) and Bel 7404 (human liver carcinoma). The result showed that the blockage of the interaction of the amide group with outside groups might cause a decrease of the cytotoxicity, and an O-benzyloximino group at the 3-position of N,N-dimethyl-7-deoxycholic amide could enhance the cytotoxic activity of the compound. The information obtained from the studies provides the structure-activity relationship for these compounds and may be useful for the design of novel chemotherapeutic drugs.
Introduction
Steroidal compounds display a variety of biological functions and play a very important role in life [1] [2] [3] . Azahomosteroids are also a class of steroid compounds which were synthesized and modified in order to increase the biological activity of steroids. These compounds have been tested successfully as anti-cancer drugs against several types of cancer cells [4] [5] [6] [7] [8] . Some researchers indicated that the presence of the characteristic group (-NH-CO-) in the aza-homosteroid molecule had been proven to be important in lowering the acute toxicity and improving antitumour activity of the compound in cancer research [9, 10] .
Several new steroidal lactams with the introduction of NHCO groups on the A-ring, C-ring or D-ring of the steroidal nucleus were synthesized and assayed in our group [11] [12] [13] [14] . We found that these compounds displayed distinct cytotoxicity against different cancer cells, for instance, the steroidal lactam compounds I and II (Figure 1 ) displayed distinct cytotoxicity against some cancer cells through effective induction of cancer cell apoptosis by activation of the intrinsic pathway [15] . A survey of the literature suggested steroidal compounds with a NHCO group in the side chain exhibit some valuable biological activities, such as cytotoxicity and antibacterial properties. For example, finasteride, dutasteride and PNU-157706 [16, 17] , used as clinical benign prostatic hyperplasia drugs, have a NHCO group in their branch chain. In order to further evaluate the antiproliferative activity of new steroidal derivatives and study their structure-activity relationships, some 17-acetamidoandrostane (Scheme 1) and N,N-dimethyl-7-deoxycholic amide derivatives (Scheme 2) with a NHCO group in their side chain were designed and synthesized. Their antiproliferative activities were tested in vitro against two tumor cell lines: SGC 7901 (human gastric carcinoma) and Bel 7404 (human liver carcinoma).
Here, the N,N-dimethyl-7-deoxycholic amide (III) has a similar atom rank of the side chain of as 24-methylenecholest-4-en-3β,6β-diol (IV), which is a polyhydroxylsterol obtained from the soft coral Alcyonium patagonicum that showed potent cytotoxicity to murine leukemia cell with an IC 50 value of 1 µg/mL [18] , except for different atoms substituted in the 25-and 28-positions of the side chain. 
Results and Discussion

Chemistry
Scheme 1 outlines the synthetic procedures for compounds 4-8. First, the 3β-hydroxy group of pregnenolone (1) was protected by acetylation, then oximation of 3β-acetoxypregnenolone (2) was performed using NH 2 OH·HCl and NaOAc·3H 2 O to give compound 3. Compound 4 was generated by Beckmann rearrangement of 3 with SOCl 2 /THF. Afterwards, compound 5 was obtained via the deacetylation of 4 with alcoholic K 2 CO 3 . Compound 6 was prepared by the oxidation of 5 with Jones' reagent and multiple extraction because of better water solubility of compound 6. Lastly, compound 6 was converted to compounds 7 and 8 by selective reduction using NaBH 4 under different conditions. Synthetic procedures to obtain N,N-dimethyl-7-deoxycholic amide derivatives 11-14 are outlined in Scheme 2. First, 3,12-dioxo-7-deoxycholic acid (10) was obtained by oxidation of 7-deoxycholic acid (9) with Jones' reagent. Then, the reaction of 10 with (CO) 2 Cl 2 and (CH 3 ) 2 NH in toluene gave N,N-dimethyl-3,12-dioxo-7-deoxycholic amide (11) . The structure of compound 11 had been confirmed by its IR, NMR and MS spectra. In the IR spectrum, the disappearance of the broad absorption peak at 3,200-2,500 cm
showed that the COOH functional group had been converted to another group. The chemical shifts of 2.923 and 2.985 ppm (single peak) in the 1 H-NMR confirmed the existence of the CON(CH 3 ) 2 moiety. Next, the functional groups on the 3-position were modified in order to compare the relative antiproliferative activities of different groups. Compound 11 was converted to N,N-dimethyl-3-hydroxy-12-oxo-7-deoxycholic amide (12) by selective reduction using NaBH 4 . Finally, compound 13 was produced by the esterification of the 3-hydroxy group of 12, and compound 14 was obtained by the reaction of 12 with thiosemicarbazide.
To further determine the effect of the 3-substituent groups of N,N-dimethyl-7-deoxycholic amide derivatives on the cytotoxic activity, compounds 15-18 with different 3-substitutent groups were prepared. Similarly, the reaction of compound 11 with hydroxylamine hydrochloride, thiosemicarbazide, CH 3 Table 1 . 
Structure-Activity Relationships
As shown in Table 1 , compound 3 with a 20-hydroximino group displayed distinct cytotoxicity against the two studied cancer cell lines. However, after the 20-hydroximino group of 3 was converted into an amide group (compounds 4-8), the antiproliferative activity of compounds was remarkably decreased. The result could be ascribed to the blockage of the interaction of the amide group with outside groups, which may be a main reason causing a decrease of the cytotoxicity because of the steric hindrance of the steroidal nucleus [14] . Therefore, changing the hydroximino group to the amide group at position-20 did not increase the cytotoxic activities of these 17-acetamidoandrost-5-ene derivatives. Comparing the result with the earlier studies [12, 13] , we can see that the cytotoxicity of the steroidal amide compounds is not only dependent on the structure of the side chain, but also the position of the CONH functional group. When the compounds had a cholesteric side chain and A-ring or B-ring was modified into an A-lactam [13] or a B-lactam [19] , it would display distinctive cytotoxicity against the cancer cells.
To investigate the effect of the 24-amide group on the biological function of the compounds, we synthesized some N,N-dimethyl-7-deoxycholic amide derivatives with various 3-substitutent groups (compounds 11-18). Here, compounds 11-17 were almost inactive against the cancer cells. Once again, the reason may be the steric hindrance of N,N-dimethyl group inhibiting the affinity of the amide group with outside groups. Nevertheless, a 3-O-benzyloxime group played an important role in the cytotoxicity of compound 18 against these cancer cells. Compound 18 showed almost the same cytotoxicity as cisplatin to SGC 7901 and Bel 7404 cells (18: 15.0 and 14.4; cisplatin: 6.7 and 23.2 µmol/L), indicating that the presence of the 3-O-benzyloxime group on the compound 18 confers a positive effect on the cytotoxicity against these cancer cells, which provides clues the seeking more powerful anti-cancer drug candidates based on O-benzyloxime groups via structural optimization.
Experimental
Sterols and NaBH 4 were purchased from Merck Co. (Shanghai, China) All chemicals and solvents were analytical grade and solvents were purified by general methods before being used. Melting points were determined on an X4 apparatus and were uncorrected. Infrared spectra were measured with a Thermo Scientific IS-10 Spectrophotometer. The (6) . Jones' reagent (0.7 mL, 0.267 mol/L) was added dropwise to the solution of 5 (709 mg) in acetone (30 mL) in 20 min. The mixture was stirred at room temperature for 1 h and then neutralized with 10% K 2 CO 3 solution. The suspension was poured over a silica gel column and eluted with ethyl acetate. The solvent was removed under reduced pressure. The residue was purified by chromatography on silica gel using methanol/dichloromethane (20:1) as elution to give 590 mg (80%) of 6 as white solid. θ mp 198-199 °C; IR (KBr) ν/cm 
Synthesis of 17-acetamidoandrost-4-en-3,6-dione
Synthesis of 3,6-dihydroxy-17-acetamidoandrost-4-en (7)
. NaBH 4 (42 mg, 1.1 mmol) was added at room temperature to a solution of 6 (124 mg, 0.36 mmol) in CH 3 OH (50 mL) in one portion. After 30 min, the reaction was stopped. The solution was neutralized with 1 M HCl. After evaporation of the majority of MeOH under reduced pressure, the residue was extracted with ethyl acetate (15 mL × 3). The organic layer was washed with cold water and saturated brines. After drying over anhydrous sodium sulfate, the solvent was removed under reduced pressure and a crude product was obtained. (8) . NaBH 4 (42 mg, 1.1 mmol) was added to a solution of 6 (124 mg, 0.36 mmol) and NiCl 2 ·6H 2 O (87 mg, 0.37 mmol) in CH 3 OH (15 mL) in the interval of 5 min at room temperature. After 5 min, the reaction was stopped. The solution was neutralized with 1 M HCl. After evaporation of the majority of MeOH under reduced pressure, water of 15 mL was added. Then the residue was extracted with ethyl acetate (15 × 3 mL). The resulting solution was washed with cold water and saturated brine. After drying over anhydrous sodium sulfate, the solvent was removed under reduced pressure, and the resulting crude product was purified by flash chromatography on silica gel using methanol/dichloromethane (20:1) (11) . Oxalyl chloride (200 µL, 2.23 mmol) was added to a solution of 10 (535 mg, 1.38 mmol) and pyridine (150 µL, 1.80 mmol) in toluene (25 mL) at ice bath temperature. The mixture was stirred for 2 h. After completion of the reaction as indicated by TLC, a solution of dimethyl amine (540 µL) was added dropwise. The solution was stirred for 10 min at 0 °C and 10 mL ice water was added to the solution. The solution was extracted with dichloromethane (30 × 3 mL). The organic solution was washed with cold water and saturated brine. After drying over anhydrous sodium sulfate, the solvent was removed under reduced pressure, and the resulting crude product was purified by chromatography on silica gel using petroleum/ethyl acetate (1:2) 000 (3H, s, 18-CH 3 ), 1.050 (3H, s, 19-CH 3 ), 2.13-2.04 (2H, m), 2.37-2.18 (3H, m) (12) . Compound 12 was prepared according to the procedure of 7. Yield 30%, θ mp 279-280 °C; IR(KBr) ν/cm (14) . The compound 12 (100 mg, 0.24 mmol) was dissolved in 15 mL of CH 3 CH 2 OH and the solution was adjusted to pH ≈ 3-5 by adding a few drops of glacial acetic acid. After the solution was heated to 80 °C, and thiosemicarbazide (32 mg, 0.36 mmol) was added. The mixture was stirred for 10 h at 80 °C until no starting material (the progress of the reaction was monitored by TLC). Then the reaction was terminated and the majority of solvent was evaporated under reduced pressure. Water (10 mL) was added to the mixture which was then extracted with dichloromethane. The organic layer was washed with water and saturated brine. After drying over anhydrous sodium sulfate, the solvent was removed under reduced pressure, and the resulting crude product was purified by flash chromatography on silica gel using dichloromethane/methanol (40:1) as the eluent to give 56 mg of 14 as a white solid (yield: 49%), θ mp 294-295 °C; IR (KBr) ν/cm (15) . Compound 11 (91 mg, 0.22 mmol) was dissolved in 95% CH 3 CH 2 OH (15 mL). After the mixture was heated to 70 °C, CH 3 COONa·3H 2 O (30 mg, 0.22 mmol) and NH 2 OH·HCl (18 mg, 0.26 mmol) were added. The mixture was stirred for 3 h at 70 °C. Then the reaction was terminated and the majority of solvent was evaporated under reduced pressure. Distilled water was added into the reaction mixture, and the product was extracted with dichloromethane. The combined extracts were washed with water and saturated brine, dried with anhydrous sodium sulfate, and evaporated under reduced pressure. Compounds 17 and 18 were prepared similarly according to the procedure of 15, but CH 3 ONH 2 ·HCl and PhCH 2 ONH 2 ·HCl were used as reagents instead of NH 2 OH·HCl. (17 
Synthesis of 3-hydroxy-17-acetamidoandrost-4-en-6-one
Synthesis of N,N-dimethyl-3,12-dioxo-7-deoxycholic amide
Synthesis of N,N-dimethyl-3-hydroxy-12-oxo-7-deoxycholic amide
Synthesis of N,N-dimethyl-3-hydroxy-12-thiosemicarbazone-7-deoxycholic amide
Synthesis of N,N-dimethyl-3-hydroximino-12-oxo-7-deoxycholic amide
N,N-dimethyl-3-O-methyloximino-12-oxo-7-deoxycholic amide
